This study investigated variations in total fertility by religion and east-west location in Southern Thailand. Four provinces were selected for study (one mostly Muslim and one mostly non-Muslim). Data were obtained from birth certificates include month of birth, age group of mother, district of registration of birth and Muslim majority and Muslim minority locations from [2002][2003][2004][2005]. Female population resident counts were obtained from the 2000 Thai Population and Housing Census. Districts were classified according to east-west location and percent Muslim. Logistic regression was used to model the effects of age group, region and period on the fertility in each 3-month quarter. Overall, the fertility rate of women where the percent Muslim was more than 80% was higher than that where the percent Muslim was less than 20%. Muslim mothers on the east coast had a higher fertility rate than those on the west coast, but there is evidence that there fertility decreased over the study period and reached replacement level by 2006.
Introduction
In Thailand the total fertility rate (the average number of children who would be born alive to a woman during her lifetime if she were to bear children at each age in accordance with the prevailing age-specific fertility rates) declined from 6.48 in 1960 to 1.82 in 2000 (Prachuabmoh and Mithranon 2003) . The high fertility level in Thailand before the 1960s was facilitated by a pronatalist government policy which included bonuses for large families and incentives for early marriage. Government concern about the high rate of the population growth surfaced around 1960 but it was not until 1970 that an official population control policy was adopted.
Other countries in east and south-east Asia have experienced similar but less dramatic declines in fertility. During the period from 1975 to 2000, China's estimated total fertility rate decreased from 3.57 to 1.80, compared with decreases from 3.23 to 1.48 for South Korea, 2.07 to 1.59 for Singapore, and 1.91 to 1.34 for Japan (Gubhaju and Moriki-Durand 2003) . Canada's total fertility rate reached 1.5 in 2000, while in the United States the fertility was 2.1. The fertility rates in Canada and the United States were different because of the minority populations (Hispanic immigrants) in the United States have a higher fertility rate than the minority population in Canada (Torrey and Haub, 2003) .
Estimates of total fertility for Thailand in the year 2000 vary markedly by region, being lowest (1.17) in the Bangkok metropolitan area and highest (2.25) in the southern region comprising 14 provinces (Prachuabmoh and Mithranon 2003) . Using data from two large national family health surveys in India, Mishra (2004) found that the total fertility rate declined from 3.39 in 1992-93 to 2.85 in 1998-99, with a difference between Muslim and Hindu total fertility rates. In the 1998-99 Indian survey the rate for Muslim residents was 3.58 compared to 2.77 for the Hindu population, and the author concluded that socioeconomic factors did not explain lower use of family planning and higher fertility among Muslims. One reason may be heavy reliance of India's family planning program on sterilization and Muslims' preference for temporary methods over sterilization. Another reason may be greater opposition to family planning among Muslims, which is indicated in surveys as their main reason for not currently using and not intending to use family planning in the future. Similar differences between Muslim and non-Muslim fertility in India, Malaysia, Philippines and Thailand were reported by Morgan et al (2002) , finding that compared to non-Muslim women, Muslim women have more children, are more likely to desire additional children and are less likely to be using contraception when they desire no more children.
In Southern Thailand, where four of the 14 provinces have Muslim majorities, there is also evidence of substantial differences in fertility within the Muslim population. The 2000 Population and Housing Census of Thailand (National Statistical Office 2002) recorded substantial differences in growth rates between the Muslim and non-Muslim populations in the southern provinces. For example, in Pattani province the Muslim population (78% in 1990) increased by 19% in the decade from 1990 to 2000 while at the same time the non-Muslim population increased by only 3%, whereas the Muslim population of Krabi (36% in 1990) also increased by 19% during the decade but the non-Muslim population increased by 23%. Although these population changes are influenced to some extent by migration they are mainly determined by differences in fertility rates and consequent differences in age structures in the resident populations.
Based on a study of religion and reproduction in Southern Thailand, the National Statistical Office (1998) found that Islam exerts an important pronatalist influence on the attitudes and behaviour of Thai Muslims. However, the relationship between religion and reproduction is complex, and the different increases in population growth between Muslim populations in different provinces are a reflection of this complexity. Religion influences reproduction in interaction with ethnicity, culture and the status of minority groups. Knodel et al (1998) examined the contrast between Muslim reproductive attitudes and behaviour in Thailand and those of Buddhists, focusing on the southern region and interpreting Muslim reproductive patterns from the perspectives of hypotheses invoked in the social demographic literature to explain links between religion and fertility. This study found that fertility among Buddhists had reached the replacement level with contraceptive use virtually universal, whereas Muslims in both the south and central regions had higher fertility levels and preferred to have more children than Buddhists.
This study aimed to investigate the pattern of fertility in Southern Thailand and attempt to account for variations in these patterns based on religion and east-west location. We selected four provinces for study, namely Trang, Satun, Songkla and Pattani.
Materials and Methods

Data Source and Sample Selection
We used cross-sectional data obtained from birth certificates in four southern Thai provinces, aggregated by month of birth, age of mother, and district of registration of birth from January 2002 
Variables
The birth certificate form contains the date and district of registration of the birth and the age of the mother. The district of registration is the district where the baby is born, which may not be the same as the district of residence of the mother. The age of the mother in years, is classified as 20 or less, 21-25, 26-30, 31-35, 36-40, 41-45, and 46 or more.
Data Analysis
The data records comprised the numbers of live births B ijt classified by registration district i, age-group and month t, and the estimated populations of women in the age-group. We estimated this population using the formula
where N j is the female population recorded at the 2000 Population Census in age group j (where j = 1 for 0-4, j = 2 for 5-9, etc.), which is one year less than the reported age group of the mother, and p t is the proportion of the 5-year period elapsed from January 2001 until month t. This calculation synchronizes the Census population age groups with those used in the birth registration form.
We classified the 45 districts into 8 regions according to east-west location and percent Muslim using four groups (below 20%, 20-50%, 51-80%, more than 80%) as shown in Figure 2 .
Statistical Methods
In the preliminary analysis we computed the total fertility (TF) for each year and region i using the standard demographic formula (Pollard et al 1974) for 5-year age groups, namely 
where t is summed over all months within the specified year. Note that the contribution from each of the seven age groups (j = 4, 5, …, 10) is 5 (the width of the age group in years) times the total number of births in the 12-month period of interest divided by the average number of women in the corresponding age group.
In further analysis logistic regression (Kleinbaum and Klein 2002) was used to model the effects of age group, region and period on the fertility in each 3-month quarter of a year. The observed fertility is the proportion that a woman in a specified age group registers a birth in a specified region and quarter. Asymptotic results using statistical theory provide estimates based on maximum likelihood fitting of the model, together with confidence intervals and p-values for testing relevant null hypotheses (see, for example, Kleinbaum & Klein, 2002) .
Goodness-of-fit of model
For each cell corresponding to a combination of nominal determinants, the Pearson residual is defined as
where p is the proportion of outcomes observed in the cell, p is the corresponding probability given by the model, and n is the total number of cases in the cell. The goodness-of-fit of the model can be assessed visually by plotting these z-values against corresponding normal scores. The fit is adequate if the points in this plot are close to a straight line with unit slope. A p-value for the goodness-of-fit is obtained by subtracting the deviance associated with the saturated model from the model deviance and comparing this difference R g with a chi-squared distribution having degrees of freedom equal to n g m, where n g is the number of cells and m is the number of parameters in the model. Table 1 shows the total fertility (TF) and its age-specific components based on registered births in all four provinces for years [2002] [2003] [2004] [2005] . This indicates that the overall fertility in the four provinces appears to be near replacement level.
Results
Preliminary Analysis
The estimates given in Table 2 are biased because many women move from their district of residence to give birth in a hospital located in another region where the birth is subsequently registered, so calculating the birth rate in a region based on the number of mothers resident in the region (as in Table 2 ) yields rates that are biased upward or downward, depending on this flow of movement.
Estimates of the net movement of mothers between regions is shown in Table 3 , which lists the numbers of registered births in each region on the bottom line and the population in these regions aged 0-4 years in the right-hand column. The numbers in the body of the table are estimates of the numbers of births registered to residents of the regions, obtained as follows. First, we estimate the total number of births to residents of each region in the 5-year period from 2001 to 2005 by reducing the populations in the age group 0-4 in the 2000 Population Census by the constant 3.05%, the factor needed to match the total number of registered births in the four provinces. If this total is less than the number of births registered in the region, we simply transfer it to its corresponding diagonal cell in the table. Next, we fill in the remaining diagonal cells using the corresponding totals in the bottom row. Finally, we fill in as many remaining cells as are necessary to make all the row and column totals match, based on assumptions about where mothers are likely to go if they register their births outside their region of residence.
The information in Table 3 forms the basis for recalculating total fertility, by replacing the denominators used to obtain the estimates in Table 2 by weighted sums using the row proportions given in Table 3 . Let P ijt denote the number of women resident in region i (ordered as in the top row of Table 2 ) and age group j in month t. Then the adjusted estimate of the number of mothers in age-group j in month t for the east coast region with percent Muslim less than 20% (i = 5), for example, is given by the formula 0.258P 2jt + 0.170P 4jt .+ P 5jt + 0.497P 6jt + 0.004P 7jt +0.130P 8jt . Using the method described in Section 2.3 to estimate the total numbers of women resident in any specified month in 2002-2005 based on the numbers of women recorded in the 2000 population census, we thus obtain the numbers of women (in all seven age groups) resident in the eight regions in January 2002 (say) as P 1 = 108,767, P 2 = 219,004, P 3 = 55,578, P 4 = 94,040, P 5 = 49,021, P 6 = 110,448, P 7 = 27,714 and P 8 = 107,117, respectively. Substituting these values into the above formula, we estimate the total number of women giving birth in the region to be 190,440. In the same way, estimates may be obtained of the numbers of women from each age group giving birth to babies registered in each region in each month, and these numbers provide appropriate denominators for obtaining relatively unbiased estimates of the total fertility. Table 5 shows the result of fitting a logistic regression model to the number of registered births in a month by region, age group and period. The denominators (the numbers of women giving birth) are estimated using the method described above.
Estimation of fertility using logistic regression model
The result of fitting a logistic regression model to the number of registered births in a month by region, age group and period is statistically significant. However, the fit is inadequate with Residual deviance 902.3 and 381 degrees of freedom. This due to the very large data set (the population data). The model contains coefficients for each combination of age group and region (56 parameters), as well as 8 parameters describing the change from 2002-2003 to 2004-2005 for each region, and a further 3 parameters describing a quarterly seasonal effect.
The coefficients obtained from the model are plotted in Figure 3 . It can be seen more clearly from this plot that the fertility rates of the mother in both east and west regions where there is a Muslim majority are higher than where there is a Muslim minority. Fertility among Muslims majority was higher on the east coast.
Conclusion and Discussion
In this study, data was obtained from birth certificates in four southern Thai provinces, aggregated by month of birth, age of mother, and district of registration of birth from January 2002 to December 2005, together with female resident population counts obtained from the 2000 Thai Population and Housing Census (National Statistical Office 2002). We used graphical and statistical methods to investigate the pattern of fertility in each period and region, and used logistic regression to fit a model for predicting the effects of age group, region and period on the fertility in each 3-month quarter of a year.
Our study found that the fertility of Muslim mothers is higher than that of non-Muslim mothers. This result agrees with other studies in India, Malaysia, Philippines and Thailand (Mishra, 2004; Morgan et al, 2002; Knodel et al, 1998) . We also found that the fertility rate in all regions continuously declined and fell below replacement level. The results of this study agree with Prachuabmoh and Mithranon, 2003; Gubhaju and Moriki-Durand, 2003; Atoh M. et al, 2004; Chayovan and Tsuya, 2003 . In Non-Muslim regions, the fertility rate sharply declined while in Muslim regions it only slightly declined.
Many women travel from their district of residence to give birth in a hospital located in another region where the birth is subsequently registered. Calculation of the birth rate in a region based on the number of mothers resident in the region may therefore yield birth rates that are biased. Thus, we estimate the total number of births to residents of each region in the 5-year period from 2001 to 2005 by reducing estimates of the number of births, by using the populations in the age group 0-4 in the 2000 Population Census. 
